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PREFACE TO TRANSLATION 

There is probably no branch of geology in which an unaided student 
has more difficulty in making a start than in the microscopic study of 
rocks. This is especially to be regretted, as it is now recognised that 
this method of research is indispensable for any accurate work on the 
igneous rocks. Many a resident on the great volcanic plateaux of 
India, Africa, or America, or on the vast tracts of gneiss and schists 
which form such a large proportion of the earth's crust, is debarred 
from geological work by the difficulty of identifying minerals under 
the microscope. Thus our knowledge of many of these areas is very 
deficient, for they are only known by occasional rapid traverses ; and 
the problems they present are so complex that they can only be fully 
worked out by a resident or by a thorough survey. 

Elementary students feel the difficulty, though they have the 
advantage of personal instruction. Probably every one who has tried 
elementary teaching in geology has felt the need of some simple book 
of reference. The elaborate tables of Eosenbusch and Michel L(5vy 
and Lacroix are, of course, perfect in their way, but they are really 
summaries of the characters of the minerals rather than guides to their 
rapid determination. With these, if one knows the name of a mineral, 
its characters can be at once ascertained ; but what the student usually 
requires is the reverse process. He can recognise the characters of a 
mineral by the microscope, and from these he wants to know its name. 
The previous tables afford little assistance in doing this. Professor 
La3winson-Lessing has now supplied this want by a set of tables 
arranged on what may be called the " dichotomous method." As these 
are written in Russian they will be of little use in their original form 
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in any other country, and the following translation has therefore been 
prepared. 

In order to render the work more complete in itself, a chapter on 
the Petrological Microscope has been added. Sudden departure from 
England has prevented my finishing this, and it has been kindly 
written by Professor Cole. To him also I am indebted for seeing the 
translation through the press, and for revising a few points which 
lack of books prevents my being able to determine. Mr. A. M. Davies, 
B.Sc., has also very kindly read the proofs. If the English translation 
should prove of service, it will thus be largely due to the generous help 
of friends. 

J. W. GREGORY. 

Mkoncmbi, British East Africa, 
2nd December 1892. 



AUTHOR'S PREFACE 

The preparation of the following tables has been undertaken owing to 
two main considerations : in the first place, in such a technical subject 
as the science of microscopic petrograpliy, it is very important that 
students sliould not be hampered by the necessity of having to work 
with books in a foreign language. In the second place, no work at 
present exists the object of which is simply the determination of rock- 
forming minerals under the microscope. With the rapid progress of 
tlie study of this subject, and the increasing precision of the methods 
of research, several sets of tables have been issued ; thus there are the 
pioneer works of Doelter and Hussak, and the elaborate tables of 
liosenbusch and Michel Levy and Lacroix. All of these, however, are 
tables of the characters of the rock-forming minerals, rather than guides 
to theii* identification. Inasmucli as they show at a glance the 
characters of a mineral, they are of great value in enabling one readily 
to check a doubtful determination. They are of the greatest assistance 
to the advanced student, but are of little use in elementary teaching. 
If a student meets with some mineral quite new to him, he must com- 
pare it with all the minerals enumerated in such catalogues as those 
of Hussak and Michel Levy. The system so long applied in botany 
for the yapid determination of plants by using one character after 
another is the only one which can meet the requirements of element- 
ary students. The following tables have therefore been prepared to 
supply tliis want ; they are not intended to replace more detailed works, 
but to be supplementary or rather introductory to them. For this 
purpose, moreover, the tables have been restricted to the most import- 
ant rock-forming minerals, while only characters which may be easily 
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applied ha\'B been used. The system of determining a mineral by 
several different lines of examination \**ill, it is hoped, further prove of 
educational value by thoroughly impressing its characters on the minds 
of students. 

Though the needs of the elementarj'^ student have been kept in 
view in the main, the author hopes that the tables will prove of ser\^ce 
to those engaged in original research. He also expresses his indebted- 
ness to the works of Hussak, Rosenbusch, and Michel L^vy and 
Lacroix, and reiterates that reference must be made to these, in the 
case of the rarer minerals met with as accessories in rocks. 

Moreover, when a mineral has been determined by the aid of the 
following tables, the identification sliould be checked by comparing the 
mineral with the full list of its characters as given in such tables as 
those of Michel Levj'^ and Lacroix. 

The author will be sincerely grateful for any notes as to omissions 
or coiTcctions which may be sent him. 



St. Petersburg, 1891. 



INTRODUCTION 

In the attempt to determine any mineral by the aid of these tables, it 
is absolutely necessary that they should be used on a strictly systematic 
plan. Only experienced petrographers ought to trust to anything in 
the nature of short cuts. If a mineral is assigned to the wrong series, 
especially in the major divisions, serious mistakes are inevitable. 

A section of a rock must first be examined by the aid of ordinary 
transmitted light; by this the transparent and opaque constituents 
can be at once separated, and the latter noted for subsequent examina- 
tion with reflected light. In the case of the transparent minerals, we 
can at once determine their colours, form, cleavage, and the presence or 
absence of inclusions ; we may also note whether the mineral shows 
any signs of special structure, such as whether it is fibrous or zonal, 
and whether it has been fractured or has been formed as a pseudo- 
morph. 

When all these characters have been noted, the analyser and 
polariser should be inserted, the nicols crossed, and the mineral thus 
examined in simple polarised light. This enables the singly refracting 
minerals in the slide to be separated from those which are doubly 
refracting. The latter become light and dark alternately, four times 
during a complete rotation of the stage of the microscope, while they 
show interference-colours more or less clearly. The singly refracting 
minerals, on the other hand, remain dark throughout the rotation. 
This method of examination also reveals whether a crystal is simple or 
twinned, the direction of the axes of elasticity (by means of the 
determination of the directions of extinction by a stauroscope, Bertrand's 
eye-piece, or quartz plate), and the crystalline system to which the 
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mineral belongs. To settle these points, the behaviour of the mineral 
under polarised light must be examined in greater detail.^ 

In the first place, a mineral may remain dark through the complete 
rotation of the stage of the microscope; such minerals are isotropic. 
They may belong either to a singly refractive substance, such as an 
amorphous glass or a crystal of the cvhic system ; or else they may be 
sections of a uniaxial doubly refractive mineral cut at right angles to 
the optic axis. The value of the mean refractive index may be judged 
by the aspect of the surface of a section of a mineral ; thus, if its index 
of refraction is higher than that of the Canada Balsam round it, the 
surface appears raised and rough. The next point to be determined 
is the direction of the extinction under crossed nicols. This may be 
straight, i,e, parallel to the crystallographic axes, or obliqite, i.e. inclined 
at some definite angle which is constant for the same mineral. If 
some of the sections parallel to tlie principal axis have straight 
extinctions it is necessary to inquire whether all such sections of the 
mineral agree in this respect, in which case the mineral belongs to 
the rhovibic system ; but if some of these sections have straight extinc- 
tions and some oblique, then the mineral belongs to the monoclinic 

system. 

We must then proceed to use the form of the sections when some 

are isotropic. It is advisable here to insist on the necessity for the 

study of several sections of the same mineral in the slide, and on the 

combination of the data obtained from all those examined Thus if 

the same mineral in a slide presents itself in both quadrangular and 

hexagonal sections it may belong to either one of three crystalline 

I systems. If ^ 11 the s ections are isotropic the mineral is cubic (and it 
is probablj- "^^ H?^^®^--^^-^£ i^^iocral of the sodalite group). If the 
quadrangular sections are isotropic, and the hexagonal ones show double 
refraction, the mineral is tetragonal, as, e.g. a member of the scapolite 
group. On the other hand, if the hexagonal sections are isotropic 
and the quadrangular ones doubly refracting, then the member belongs 
to the hexagonal system, as, e.g. apatite, or a mineral of the nepheline 
group. Further, if all the sections show double refraction and, where 
determinable, straight extinctions, then the mineral is one of the rhomlic 

^ In the case of very weak double refraction it is necessary to employ a selenite plate, or 
a Bertrand eye-piece. ^ 
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system, as, e.g, cordierite, zoisite, etc. Finally, if none of the sections are 
isotropic, and most or all show oblique extinctions, then the mineral 
belongs either to the monoclinic or triclinic system, as, e.g, the 
felspars. 

The last of the three principal methods of examination is that in 
convergent polarised light, whereby it is possible to determine 
whether a mineral is uniaxial or biaxial, and also, by means of a quartz 
wedge or mica plate, its optical sign. The regular symmetrical inter- 
ference-figures shown in sections of minerals specially prepared for 
the purpose are rarely seen in ordinary rock-sections, for the minerals 
are here too thin and the direction in which they are cut is quite 
accidental. A black line or band is all that is usually seen : this 
may represent either part of the black cross of a uniaxial crystal or 
part of the hyperbola of a biaxial figure. If during the rotation of 
the stage of the microscope the beam travels in the same direction as 
the stage, and during its passage across the field it remains straight, 
then the mineral is uniaxial. If the reverse happens the mineral is 
biaxial. 

Several important characters yet remain. The two principal of these 
are pleocbroism and cleavage. These are of great value owing to the 
ease with which they can be determined. The former (see especially 
Table IV.) may be recognised by rotating the stage of the microscope 
above the polariser and with the analyser withdrawn. The angle of 
cleavage is either that made by the cleavage-cracks with any given 
face or edge of the crystal, or it is the angle in which the two 
prismatic cleavages intercept. Thus 00 P^ 9 2° indicates that the two 
prismatic cleavages intercept in an angle of 92°. The degree of 
double refraction and the chara cter of the surface of a section of _a 
mineral are also useful m determination. The principal types of the 
latter are sharp, as in titanoferrite ; hard and rough, as in garnets ; 
very rough or shagreen-like, as in olivine ; soft, as in quartz ; or flat, 
as in the felspars. 

The following characters are often of use, but are not here em- 
ployed, owing to the difficulty of determining them — viz. the mean 
index of refraction, the nature of the dispersion, the angles between 
the optic axes, and micro-chemical reactions. 

In conclusion it must be pointed out thal^ though in rock- 
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sections all these characters cannot always be used, the systematic 
course of determination should be followed as far as possible. The 
synoptical table, however, enables one to form a hasty approximate 
idea of the affinities of a mineraL Tliis identification should, how- 
ever, always be checked by the course of examination pi-eviously 
recommenfled. 



THE PETROLOGICAL MICROSCOPE 

Though the following tables deal solely with the characters of rock- 
forming minerals as seen in thin sections under the microscope, it should 
be remembered that the section and the rock from which it has been 
cut should always go side by side in any determinative investigation, 
and that tlie microscopic examination of the powdered rock, or of 
cleavage-flakes broken from some of its constituents, may often give 
results strikingly confirmatory of, or even superior to, the suggestions 
gained from the thin section. 

The simpler methods of observation employed in examining rock- 
sections under the microscope have been outlined in the preceding 
introduction ; it only remains to point out the special features of the 
ordinary petrological microscope. 

Low power objectives are fully as necessary as higher ones, and 
often the structure of a rock and the association of special minerals are 
best seen with a three-inch objective, magnifying perhaps some 15 
diameters. The microscope should therefore be capable of taking 
such a power ; few ordinary instruments, with rack and pinion adjust- 
ment, focus back much beyond the requirements of a 2 -inch. 

It should be possible to centre the objective by means of screws, or 
to centre the stage itself, in every instrument in which a rotating stage 
is used. 

When light is sent through the section from below by means of 
the mirror, the minerals are said to be viewed by transmitted light ; 
when this is cut off, and light, oft<;n concentrated by a condenser, is 
thrown upon the upper surface of the section and is reflected from it, 
the section is viewed by reflected light. 

Prof. A. Inostranzev has invented a comparative camera, which 
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is &sf«ecially awful in iovestigations with reflected light. The annexed 
figure illustrates its construction. The author's description is as 
follows ' ; — ■' This apjiaratu^ seizes, so to speak, as a means of elongat- 
ing and bending through a ri^'lit angle two adjacent microecopes, so 
that both images can Ije brought together into a Held of %-ision in the 
centre of the caiaera. In the outer angles of the camera are two reflect- 
ing prisms, or merely two small mirrors, wliich cause the rays from the 




micriiscojica to Iwiid through a right angle. In the central part of the 
camera, l>eneath the opening for the eye-piece, are two additional prisms, 
80 placet! as to throw the images upwanls. The comparative camera is 
placed over two adjacent uiicrescopes from wliich the eye-pieces have 
Ikscii removed, and one of the eye-pieces is inserted in the tube above 
tlie central prisms. In the eye-piece of the camei-a we then have a 
circular field, divided into halves by a delicate line. One half of this 

■ XeueH Jalirbucli fur Miueralogie etc., 1885, lU. iL p. 9S. 
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field belongs to one microscope, one half to the other. If both objects " 
[placed for comparison under the microscopes] " are identical in lustre 
and colour, both images appear identical, and the field of vision is 
therefore completely uniform. If there is the slightest difference in 
the colour of the objects, the divisional line shows itself at once, the 
two halves of the field appearing clearly different." 

Cross-wires are necessary in the eye-piece of a petrological 
microscope, when one wishes to bring an object into the centre 
of the field, and to measure crystallographic angles or angles of 
extinction. 

A polariscope must be attached, in such a way that each of the 
Nicolas prisms can be easily brought into action and thrown out again. 

The analyser, or upper nicol, may be slipped on and off over the 
eye-piece, or brought into position there on a swinging arm; or it 
may be capable of sliding in and out in a slot of the microscope-tube 
a little above the objective. The latter arrangement allows of a 
larger field being obtained than with an " eye-piece analyser." 

The polariser, or lower nicol, should be brought into position 
centrally under the stage by means • of its insertion in a collar at the 
end of a rotating arm. 

A system of converging lenses, practically the old "sub-stage 
condenser " in a simple form, slips into the opening of the stage above 
the polariser, and is used in the determination of the uniaxial or 
biaxial character of minerals. It is preferable to have the converging 
arrangement fitted into the stage itself, rather than resting on and 
dependent on the polariser, since ordinary transmitted light can then 
be condensed upon an object when polarised light is not required. 

The simplest method of utilising convergent polarised light is to 
employ a high power of the microscope, cross the nicols, remove the 
eye -piece, and look down the tube from a little distance. The 
characteristic " optical picture " of " rings and brushes " can then be 
very brightly and sharply seen. This is the method of Von Lasaulx. 
Bertrand's method is to insert a lens of low magnifying power in a 
slot of the microscope -tube below the eye-piece; theeye^piece is 
retained, and a magnified image of the rings and brushes can thus be 
studied. 

The petrological microscope must have a rotating stage, with a 
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graduated edge for measuring the angle through which it is turned 
during any particular observation ; or, as in Mr. Dick's pattern of 
microscope, made by Messrs. Swift and Son of London, the nicols 
when crossed must be capable of being rotated, and yet retained in 
that relation to one another, together with the cross-wires of the eye- 
piece. In practice, the whole eye-piece, carrying the analyser, is 
made in the latter method to rotate together with the polariser, the 
amount of rotation being measurable as in the case of a rotating stage. 

In determining the position of extinction of a mineral-section, a 
quartz plate is sometimes used. This is inserted in a slot above the 
objective, and gives a coloured field between crossed nicols. A doubly 
refracting mineral-section placed on the stage appears of another tint 
upon this field. But when, by rotation, its position of extinction is 
reached, i.e, when it has no effect upon the rays emerging from the 
polariser, only the characteristic interference-colour due to the quartz 
plate is seen. This renders the detennination of the exact position of 
extinction more certain than when, as is ordinarily done, the position 
of greatest darkness is estimated by the eye. 

A further refinement in this direction is what is known as the 
Bertrand eye-piece, of which the following description has been given. 
" The quartz plate is made of four separate sectors, meeting at the centre 
of the field, two of them, through circular polarisation, rotating the ray 
to the right, and the alternate ones to the left, the four having between 
crossed nicols precisely the same tint. A crystal placed with regard 
to the polariser in any other position than that of extinction imparts 
opposite colours to the alternate sectors when brought into the centre 
of the field ; and its vibration-planes are parallel to the diagonals of 
the lower nicol when the colour of the four sectors is restored." ^ 

A quartz wedge is of great value for determining which of the 
principal directions of elasticity in a mineral- section is that of 
maximum and which of minimum elasticity, and consequently for the 
determination of the optical sign, especially in uniaxial crystals. The 
wedge is cut so that its longer axis is parallel to the axis of least 
elasticity of the original quartz crystal ; when inserted on the level of 
the stage, or under the eye-piece analyser, with its longer direction in 
a position of 45° to the diagonals of the nicols, it should show a 

* Cole, Aids in Practical Geology ^ p. 132. 
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gradation of tints from the lowest grey of the first order up to, say, 
colours of the fourth or fifth order. When, by means of the positions 
of extinction, the two principal directions of elasticity in a crystal- 
section have been found, these directions are brought to a position of 
45° with the diagonals of the nicols, which remain crossed. The 
quartz wedge is then inserted, its longer direction running parallel to 
one of the principal elasticity-directions of the mineral-section. If, on 
continued insertion, the interference-colour, as given by the wedge, is 
heightened where it lies above the crystal, the direction in question is 
that of least elasticity in the section ; if, on the other hand, the colour 
is lowered, and finally " compensation " occurs, a phase of ^colour- 
extinction being gone through, the direction is the reverse of that 
of the long axis of the quartz wedge, i.e. it is that of maximum 
elasticity. 

The application of this method to prismatic sections of uniaxial 
crystals is obvious ; in these the principal axis of form is always one 
of the axes of elasticity of the crystal, the direction perpendicular to 
this being in all prismatic sections that of opposite elasticity. But in 
the rhombic system, while the vertical axis is always an axis of elas- 
ticity, it may be either maximum or minimum without any conclusion 
being possible as to* the optical sign. It must be remembered, indeed, 
that the optical signs, positive and negative, have very different mean- 
ings in the case of uniaxial and biaxial crystals. In the former 
case a crystal is negative when the principal axis of form is that of 
greatest elasticity; a biaxial crystal is negative when its axis of 
greatest elasticity bisects the acute angle between the optic axes. 
Eeference must be made to more detailed works on the subject to 
learn how the bisectrices, or axes of maximum and minimum elasticity, 
which lie always in the optic axial plane, are related to the axes of 
form in any particular biaxial crystal. The positive or negative 
character thus becomes a point of less importance for biaxial crj'stals. 
One may determine the position of the optic axial plane by means of 
convergent polarised light ; but only in refined researches is it neces- 
sary to know which is the acute and which the obtuse angle between 
the optic axes. 

To sum up, for the examination of transparent minerals as to form, 
cleavage, and schillerisation-planes, we require transmitted light, and 
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cross-wires in the eye-piece, with means of measuring the rotation of 
the stage, or, in Mr. Dick's instrument, of the eye-piece and cross- 
wires. For the examination of the value of the mean refractive index 
and colour, we similarly require transmitted light. 

For the determination of 2)leochrois7n, we require the polariser; for 
observing isotropism or aiiisotropism, both polariser and analyser, duly 
crossed. Twin-cin/stals, simple or polysynthetic, will of course show 
alternate bands of colour corresponding to their components. In 
anisotropic minerals the interference-colours will be relatively high 
when the double refraction is strong, and low when the double re- 
fraction is weak. The terms " bright '' and " dull " colours may be 
sometimes used in description ; but the position of the colours in 
Newton's scale, and the fact that they are higher or lower than those 
given by some other and known mineral in the same rock-section, are 
the points to be relied upon in observations between crossed nicols. 

In determining aiu/les of cvtindion, the quartz plate or Bertrand 
eye-piece may be useful in addition to the polariscope, cross-wires, and 
means of measuring rotation. 

In investigating the optical siyn, a quartz wedge is required. 

Lastly, for distinguishing uniaxial from biaxial crystals, we use 
the crossed nicols, the converging lens with the eye-piece removed, or 
the lens supplemented by a magnifier slipped in between the analyser 
and the eye-piece. 
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TABLE II 

THE DETERMINATION OF MINERALS BY THE AID OF 

POLARISED LIGHT 

Even the most casual microscopic examination of a thin section of any 
crystalline rock enables its constituents to be classified into two groups, the 
opaque and the transparent, and the latter to be subdivided into the 
coloured and the colourless. It is therefore convenient to first apply this 
method of examination. In the case of the coloured minerals they can be 
at once grouped according to their tints, as is done in the "Synoptical 
Table." With the colourless minerals, however, it is necessary to rely on 
their morphological characters, such as their occurrence in the form of 
grains, flakes, tabular crystals, etc. ; these characters are applied in Table 
No. III. Colour alone, however, cannot be trusted, and ordinary polarised 
light must therefore be used to check the conclusions suggested by the 
Synoptical Table. It is usually possible to verify the determination without 
the aid of more advanced optical methods, such as refraction or dispersion. 
The following abbreviations are used in this Table : — 

c = Cubic. - = Negative. 

;p = Prismatic (tetragonal). r = Rhombic. 

h = Hexagonal (rhombohedral). m = Monoclinic. 

am - Amorphous. a = Triclinic (asymmetric). 
+ = Positive. 

L OPAQUE MINERALS ^ 
a. Metallic. 

a. Soluble in hydrochloric acid. 

L Dark bluish black, metallic lustre ; occur- 
ring as aggregates, grains, octahedra, or 

* In the determination of the few opaciue minerals which occur as normal constituents 
in crystalline rocks reflected light must bo employed, as it is only thus possible to recognise 
their colour and lustre. Professor A. Inostranzev has designed a ** comparative camera," 
which may be conveniently employed for this purpose, and gives the test more precision. 
It is described in his Oheologie^ 2nd ed. vol. v. j). 284. His figure and a translation of 
the description of the method ai-e given in Part I. Chapter IV. 
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cubes (the last two usually give rise to 
triangular, square, oblong, or rhombic 
cross sections) ..... 

2. Black metallic lustre ; occurs in hexagonal 

or irregular plates ; if translucent, then 
of a blood-red hue . 

3. Lustre that of metallic iron ; reactions of 

iron with sulphate of copper 

p. Insoluble in hydrochloric acid. 

4. Lustre of bronze or bath metal 

5. Black, blackish - brown metallic lustre. 

Acicular crystals; flakes R and oR; 
grains. Soluble with difficulty in hydro- 
chloric acid ..... 

6. Black metallic lustre. Absolutely opaque ; 

hexagonal flakes. Disappears on heat- 
ing to redness ..... 

b. Non-metallic. 

1. Black grains, stains, and dust: on heating 

to redness rock containing it, it loses its 
colour ....... 

2. Cloudy grey-white small lumps and aggre- 

gations ....... 

3. Cloudy grey-brown semi-transparent pseudo- 

morphs after ilmenite .... 



Magnetite,^ c. 



HiEMATITE, h. 

Metallic Iron, c. 



Magnetic Pyrites, L 



Ilmenite, h. 



Graphite, A. 2 
(Youngite, am). 



Carbonaceous mat- 
ter, am (Bitumen). 

Kaolin. 

Leucoxene. 



IL SEMI-TRANSPARENT MINERALS 

For haematite, kaolin, and leucoxene, see ank; for rutile, see below; 
for the remainder, see Table V. Part A. 



m. TRANSPARENT MINERALS 
A- Colourless 
I. In crystalline rocks always show crystal-outlines. 

1. Polarisation colours bright. 
a. Extinction straight. 

* Titanoforrite may be distinguished from magnetite by niicro-chcmical methods (it 
giving the reactions of titanium), and from ilmenite by its crystalline form and behaviour 
in acids. 

* Graphite may be included among the metallic minerals owing to its well -developed 
metallic lustre. 
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a. Short prismatic crystals with terminal 
pyramids 

p. Filaments not ending in definite 
terminal planes; the rods often 
appear jointed . . . . 

h. Extinction oblique. 

a. Cleavage along ooF/^Sl". Long 
filamentous prisms ; soluble in 
hydrochloric acid ( + ) 

p. Cleavage along (x>P^124^ Long 
narrow prisms (filaments) often 
split at the ends. Not soluble in 
hydrochloric acid ( - ) 

2. Polarisation colours dull, bluish grey. 

a. Extinction straight 

CL Long prismatic crystals often divided 
transversely ; hexagonal sections 
isotropic. Uniaxial. Soluble in 
HCl ; reactions of phosphoric acid 

p. Similar prisms ; hexagonal, trans- 
verse sections, not isotropic. 
Biaxial. With difficulty soluble 
in HCl ..... 

y. Tile- like aggregates of hexagonal 
fiakcs ..... 

b. Extinction oblique. 

OL Minute short prisms, sometimes 
twinned ..... 



Zircon, p. 



SiLLIMANlTE, r. 



WOLLASTONITE,^ m. 



Tremolite, m. 



Apatite, Jl 



ZoisiTE,2 r. 
Tridymite, k 



Felspathic micro- 
LITHS,^ m and a. 



^ Aggregatious of wollostonitc arc, in the absence of cleavage, with difficulty separable 
from filamentous aggregations of zeolites, such as scolecite. 

^ Aggregates of zoisitc, such as those in saussuritic fels(>ars, ofUm greatly resemble 
acicular filanientous zeolites. The higher iK)larisation colours of the latter, and their easy 
solubility in acids, readily enable these to be distinguished ; scolecite, desmine, and 
stilbite may be se|)arated by their obIi(iue extinction. From the rhombic natrolite zoisite 
may be distinguished by itii haid salient surface (an appearance duo to its high refrac- 
tive index) and the much larger size of the grains, as well as by its crystallographio 
characters. 

^ Tlie ditferent s}»ecies of plagiocluse may be distinguished from one another and from 
ortboclaso by the angle of extinction and micro-chemical tests ; see Fouquc and Levy, 
Miniralogie Microgruphuine^ and Michel Li'vy and Lacroix, Tableaux dcs Min^raux des 
Hoches, 
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ROCK-FORMING MINERALS 



•a 



Quartz, h. 



^ J 



Olivine, r. 



PQ 



II. In crystalline rocks, occurring as crystalline grains or crystals. 

1. Polarisation colours bright, 
a. Optical sign positive, 
a. Extinction straight. 

1. Water-clear; often with abund- 
ant fluid cavities. If crystal- 
line, occurs as double pyramids 
with or without prism faces. 
Acids, except hydrofluoric, have 
no action upon it. Neither 
twinning nor cleavage . 
^2. A shagreen surface ; alteration 
into serpentine and limonite 
very characteristic. Soluble in 
HCl. Sections characteristic- 
ally hexagonal. No cleavage . 
Cleavage along oo P ^92°. 
Often twinned along oo P oo. 
Vertical striation. (The polar- 
isation colours far lower than 
in the preceding mineral.) 
Sections octagonal 

p. Extinction oblique. 

1. Poly synthetic twinning causing a 
banded appearance ; a second 
twinning may occur transverse 
to the first .... Plagioclase, a. 

(especially Labradorite). 

2. Prismatic cleavage along ooP^87°. 

Often twinned along oo P oo . 
Sections characteristically hex- 
agonal or octagonal. Usually 
not quite colourless, but with a 
faint yellow tinge . . . AUGITE, m. 

h. Optical sign negative, 
a. Extinction straight. 

1. Thick flakes and plates with a 
very perfect cleavage along oP. 
Aggregations of small flakes. 
Very bright polarisation colours 
(sometimes iridescent) . . Muscovite,^ m, 

^ Muscovite is sometimes of a light green colour. 



Enstatite, r. 
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Andalusite, r. 



SCAPOLITE,^ p. 



2. Long lath-shaped crystals; rough 

surface. Cleavage prismatic 

3. Long lath-shaped forms, grains, or 

crystals ( 00 P, 00 P 00, P). Cleav- 
age along 00 P 00. When dissolved 
in hydrochloric acid leaves an in- 
soluble powdery residue of SiOg. 
Some sections may be isotropic 
j8. Extinction oblique. 

1. Simple twinning on the Carlsbad, 

Baveno, or Manebach types. Occur- 
ring in tabular crystals; sections 
often hexagonal. Angle of extinc- 
tion small — about 5° in reference 
to the direction oP : ( 00 P 00 ). 

a. Sections appear dusty through 

kaolinisation (or sometimes 
through development offtakes 
of Muscovite). Occur as 
crystals or grains. Often 
appear coloured in ordinary 
light owing to the presence 
of oxide of iron . 

b. Water -clear crystals ; often 

with zonal structure. Numer- 
ous glass inclusions 

2. Polysynthetic twins in the form of 

a system of more or less broad 
parallel bands; there may be 
either one system or two, trans- 
verse to one another . 

3. Polarisation colours extremely 
bright. Occurs as long prisms, 
usually without terminal basal 
planes ; often resembles sillimanite, 
from which it may be distinguished 
by its optical character being - , 
and its crystalline system 

2. No bright polarisation colours. 
a. Crystalline system, cubic. 

^ Meionite may l)e distinguished from 8cajK)lite by its chemical constitution. Cuseranite, 
which is very rarely met with, is also allied to scapolite. 



ORTHOCLASE, VI, 



Sanidine, m. 



Labradorite, a. 



DiSTHENE, a. 
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ROCK-FORMING MINERALS 



W 

O 

a 

o 



a. Complex twin structure. Optical 
anomalies {e,g. doubly refracting). 
Granular inclusions regularly ar- 
ranged. Rounded grains or oct- 
agonal sections .... 
/ /J. Occurs as small tabular crystals and 
grains ; sections are usually rect- 
angular. Cleavage along the planes 
00 P and oP. When decomposed 
in HCl precipitates SiO,. Charac- 
teristic " peg " structure 
b. Crystalline system hexagonal (hexagonal 
sections isotropic). 

a. Complex twinning. Ehombohedral 
cleavage. When decomposed by 
acid, effervesces and gives off 
COj. High colours under crossed 
nicols ...... 

p. Occurring as grains or tabular pris- 
matic crystals. Polarisation colours 
bluish grey. Gives reactions of 
NaCl 



Leucite,! p. 



Melilite, p. 



Calcite, h. 



Nepheline, h. 



m. In crystalline rocks always occur in the form of grains. 

1. Occurs as thick crystalline grains. A 

" checked " structure due to the crossing of 
two sets of laminae. The angle of extinction 
on oP is 15°, measured from the cleavage 
00 P 00 . 

2. Granular aggregates ; see synoptical table. 



Microcline, a. 



R Coloured 
I. Always show crystal-outlines. 

'a. Long hexagonal prisms ; often in radial aggre- 
gates. Blue or green ( - ) 

6. Colour light or dark brown. Cross-shaped 
twins ( + ). Barely occurring as grains 






o 



Tourmaline, k. 
Staurolite, r. 



^ Leucite lias the external form and habit of a cubic crystal, but the optical properties 
show that it must be regarded as a mimetic twin, or a crystal of some other system which 
has thus ac<^uired a higher degree of symmetry. 
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II. Either as crystals or crystalline grains. 

a. Polarisation colours bright, 
cu Pleochroic. 

f\. Prismatic cleavage 00 P^ 124°. 

a. Green or brown .... 

b. Blue ..... 

2. Sky-blue colour. Occurring as long 
prismatic crystals or grains. Cleav- 
age along CO P 00 and 00 P 00 

3. Lemon-coloured. Usually gi-anular 
aggregations or pseudomorphs. If 
crystalline, as small prisms ex- 
tended along the orthodiagonal ( - ) 

4. Dark green, or sometimes dark blue. 
Occurring as large plates. Double 
or triple twins on the hemipyr- 
amid ( + ) . 

/5. Violet-blue colour; twinned rej)eat- 
edly ; alteration into pinite very 
characteristic .... 

6. Flesh or rose coloured tabular crystals, 
often crowded with inclusions 

7. Occurring as small prisms or grains, 
or broad flakes; brown in colour. 
Numerous inclusions of dark flakes 
or needles. Prismatic cleavage 
ooP^92° 

8. Dark brown octagonal sections. Flakes. 
Prismatic cleavage 00 P^ 124° 

9. Large (occasionally small) flakes and 
tabular crystals of a brown or green 
colour. Absorption. Well deve- 
loped cleavage along oP 



V 



2 
a) 

O 






Hornblende, m. 

GLAUCOPHANE, 7W. 



DiSTHENE, a. 



Epidote, 7/?. 



Clinochlore,^ m. 



CORDIERITE, r. 

Andalusite, r. 



Hypersthene, r. 
Anthophyllite, r. 



BlOTITE, m. 



\ 

p. Pleochroism not observed (rarely very 
weak). 
a. Extinction oblique. 

1. Colour, typically yellow, but it 
may be violet, rose-red, or green. 

^ Except for clinochlore, of which the determination is easy, the only chlorite likely to 
be met with as crystals in crj'stallinc r<x;ks is the rhombic pennine. Tlie remainder of the 
chlorites occur as aggregates, secondary products, and pseudomorphs, and are determinable 
only with difficulty. 
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ROCK-FORMING MINERALS 



Occurs as octagonal, hexagonal, or 
other sections. Twinning along 
00 P 00. Prismatic cleavage 
ooP^87° 

b. Extinction straight. 

1. Sometimes weak pleochroism. Pris- 

matic cleavages cross each other at 
^92°. Dull polarisation colours. 
Sections occur as long prisms and 
resemble those of the preceding 
mineral. Bronze coloured 

2. Dark yellow crystals identical with 

olivine (see p. 28) 

3. Broad, dark green tabular crystals 

and cleavage flakes ; basal cleavage 
very perfect (see p. 28) 

b. No bright polarisation colours, 
a. Extinction straight. 

1. Black polyhedra ; rarely occurring as 

grains ; honey- yellow or dark brown 
in colour. Geniculate twinning very 
characteristic. (Sometimes semi-trans- 
parent with metallic lustre) 

2. Small sharp prisms ; dark lavender-blue 

in colour ..... 

3. Honey-yellow flakes or grains; some- 

times rectangular in section. Cleav- 
age prismatic. Soluble in HCL 
" Peg " structure very characteristic . 

4. Green, brown, or yellow in colour, with 

a greasy lustre. Keactions of NaCl. 
Rarely granular .... 

p. Extinction oblique. 

1. Dark brown very salient grains. Wedge- 
shaped in section. Polarisation colours 
often indistinguishable from those of 
the mineral itself 



AUGITE, m. 



Bronzite, r. 



Fayalite, r. 



Muscovite, m. 



EUTILE, p, 

Anatase,^ p. 



MEULriE, p. 



ELiEOLITE, h. 



TiTANITE, m. 



See further under leucoxcne. 
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HL Always granular. 

1. Fibrous grains stained by liraonite. Decom- 

posed with evolution of CO, 

2. Grass -green grains with prismatic cleavage at 

^87°. Large angle of extinction ; about 
39" in sections parallel to ( oo P oo) 

3. Granular aggregates ; see synoptical table. 



Cancrinite,^ h. 



Omphacite, w. 



* The small proportion of ^wtash and the incliwion of CaCOj among its constituents 
enable cancrinite to be readily distinguished from nephelinc by chemical means. 
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TABLE III 

THE APPLICATION OF THE MORPHOLOGICAL CHARACTERS 

OF MINERALS 

In m^ n y CcOses only broken outlines of sections of crystals can be seen when 
a thin section is examined under the microscope. In such cases it is con- 
venient to refer to the following tables : — 

Table It has given the characters of the crystalline grains, and the 
following ones give some valuable supplementary methods of determination. 
The following six morphological types include the principal variations, and 
are sufficiently characteristic : — 

A. Tabular Crystals. D. Small Flakes. 

B. Minute Needles and Micro- E. Filaments and Filamentous 

scone Prisms. Fibres. 

C. Broad Tablets. F. Aggregates. 



A. Tabular Crystals 
I. Colourless. 

1. Polarisation colours dull grey or dark blue. 

a. The hexagonal transverse sections isotropic 

(soluble in HCl ; transversely jointed), 
a. Crystals prismatic ; usually short, but 

rarely long. Reactions of NaCl 
p. Crystals prismatic ; long. Reactions 
of P^O,, 

b. Hexagonal transverse sections not isotropic. 

Surface appears much raised. Cleavage 
along 00 P 00 

2. Polarisation colours bright. 

a. Extinction straight (prismatic cleavage), 
a. Uniaxial. Transverse octagonal sec- 
tions isotropic .... 
13. Biaxial. 

1. Optical sign positive 

2. „ „ negative 



Nephkline, h. 
Apatite, h. 



ZoisiTE, r. 



SCAPOLITE, J0. 

Enstatite, r. 
Andalusite, r. 
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b. Extinction oblique. 

a. Plasmatic cleavage along oo P^87 \ 

1. Insoluble in HCl . . . Sahlite, m 

(colourless augite). 

2. Soluble in HCl more quickly 

when acicular than when 

tabular .... Wollastonite, m, 

p. Cleavage along oP, co P oc, or ( oo P oo). 

1. Some sections give straight ex- 

tinctions ; simple crystals, or 

simple (never rei)eated) twins . Orthoclase, vi.^ 

2. Sections never give straight ex- 

tinctions ; poly synthetic twins Plagioclase, a,^ 

y. Cleavage along oo P x and oo P x Disthen>; a.^ 

IL Coloured. 

1. Not Pleochroic. 

fl. Cleavage along ooP^87°; green, yellow, 

bluish-brown, or rose-coloured . . Augite, 7/i(Diopside). 

2. Slightly pleochroic. 

a. Extinction straight. oo P^92°; dark 

brown or dark yellow . . BuONZiTE, i\ 

h. Extinction oblique : oo P/^87°. 

a. Large extinction angle, about 39" . Augite, ?//. 
p. Small „ „ „ 2° to 7", 

containing soda ; brown or yellow . AcMIT^; w. 

3. Very pleochroic. 

a. Extinction straight. 

a. Uniaxial. Transverse sections isotropic. 

L Green, yellow, or rose-coloured . Tourmaline, h, 

p. Biaxial. 

2. Flesh- (or rose-) coloured. Cleav- 

age along oo P . . . Andalusite, i\ 

3. Brown ; characteristic cross twins Staurolite, r. 

6. Oblique extinction. 

a. Prismatic cleavage oo P^124''. 

' Orthoclase ditfers from saiiidiiio only in the freshness of the j^lattcr mineral, which 
therefore does not appear altered, or dusty. 

^ On the determination of the ])lagioelases see footnote on p. 27. 

' Minute colourless prisms of disthene can with difficulty be sejwrateil from sillimanito 
(determine crystalline system hy Tables IV. and V.) 



If. ROCK-FOR.MING MINERALS 

1. Brown, iT«:ri .... HORXBLE!a>E. flL 

'1. I^ven4*rr or in'ii^o bitie Glaucophaxe, dl 

/]?. Prismatic clrrava^'e x P^ST. Brown, 

^«rn AOUTE, m. 

y. Cleavage alon? x P x and x P x . 

Blue ...... DiSTHEXE. ?i. 

B. Needles and 3Iicroscopic Prisms 
L (Jolonrless. 

\. Polarisation colours dull, bluish-brown. 

fi. Extinction straight Hexagonal sections 
isotropic, 
a. Long prismatic crystals transversely 

jointerL Reactions of P^Oj . . APATTTE, h. 
p. Short (rarely long; prismatic crystals. 

Reactions of NaCl . . Nepheline, A. 

h. Extinction oblique ; sometimes thinned 

|iarallel to the long edges Felsp.\thic Micro- 

LTTHS, 1/1 and a} 

IL (Joloured. 

n. Extinction straight. 

a. Not i»leochroic. Dull polarisation colours. 
Characteristic geniculate twins. Colours 
black, dark brown and honey -yellow 
(small needles are opaque) . . . RUTILE, p. 

fi. Strongly pleochroic. Bright polarisation 
colours. 

L Colour brown. Prismatic cleav- 
age X P/^92'. Development of 
minute plates and angular inclusions 
along certiiin planes (schillerisation) 
very characteristic . . Hypersthene, r. 

2. Ijemon-yellovv in colour; rough surface Epidote, m. 

3. Dark brown or dark green. Absorp- 

tion. Very perfect cleavage along 

oP Biotite, m, 

h. Oblique extinction. Dark green, dark brown 
(somotimcs almost colourless). Large angle 
of extinction, about 39 '. Not pleochroic . AuGiTE, m, 

^ See footnote 3, p. 27. 
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C. Broad Tablets 
I. Colourless. 

a. Extinction straight. 

L Dull bluish -brown polarisation colours. 
Soluble in HCl 

2. Bright polarisation colours. 

a. Shagreen surface. No cleavage. 
Soluble in HCl. Characteristic 
alteration into seqientine or li- 
monite ..... 

p. Very perfect basal cleavage 

y. Prismatic cleavage oo P/^92'^. Ver- 
tical striation .... 

b. Extinction oblique. 

1. Cleavage along oP and ( oc P oc)^about 90" 
a. Simple twinning along the Carlsbad, 
Baveno, or Manebach types . 

p. Cross-hatched structure (extinction 
15° on basal pinacoid) 

y. Polysynthetic twinning. One or two 
perpendicular transverse systems 
of parallel lines and more or less 
broad bands .... 

& Prismatic cleavage oo P^87°. Large 
angle of extinction, about 39° 

IL Coloured. 

a. Extinction straight. 
1. Strongly pleochroic. 

a. Brown or dark green. Absorption. 
Very perfect basal cleavage . 

p. Brown. Prismatic cleavage ^02^. 
Cliaracteristic inclusions of needle- 
like angular flakes 

y. Bluish-brown ; soluble in HCl 



Nepheune, h. 



Olivine, r.^ 
Muscovite, w.- 

Enstatite, r. 



Orthoclase, m ^ 
(Sanidine). 

MiCROCLiNE and 
Perthitj:, a. 



Plagioclase, a* 



AUGITE, ?«. 



BlOTITE, m. 



Hypersthene, r. 
Clinochlore, 7/?. 



* If yellow in colour it is fayalite. 
' Sec footnote 3, p. 27. 



^ Sometimes green. 
* See footnote 3, p. 27. 
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ROCK -FORMING MINERALS 



'2, Not pleochroic. Soluble in adds. 

CL Honer-jellow. Characteristic " peg ~ 
fetractore. Dull polarisation coloors. 
Prismatic cleavage 

6. Very perfect cleavage along oP. 
High polarisation colours 

//. Extinction obliqae. 

1. Strongly pleochroic. 

OL Green anil brown. Prismatic cleav- 
age xP/124 . . . . 

2. Not pleochroic. 

a. Dark yellow, rose, or violet in colour. 
Prismatic cleavage x P^87\ 
(Sometimes slightly pleocliroic) 

p. Brown or green. In addition to the 
prismatic cleavages there is a very 
perfect separation along x P x 



^Ieuute; p. 

MrscovrrK, m 
(Sericite).^ 



Hornblende, m. 



ArCITE, TO. 



DiALLAGS, m. 



D. Sm.\ll Fl.\kes 
L CoUmrlesB. 

n. Dull, dark bluish-grey polarisation colours, 
a. Hexagonal plates ; usually grouped in tile- 
like aggregates. Remaining characters 
resemble quartz . . 

p. ^Rectangular tablets with a cleavage along 
oP and -x P ; soluble in acids 

h. Bright polarisation colours. 

tt. Perfect cleavage along oP. Flakes re- 
semble musco\nte, but are much smaller. 
Usually radial or felt-like aggregates. 
Greasy lustre ..... 

EL Ck>lonred. 

a. Dull i>olarisation colours. 
ti. Strongly pleochroic. 

1. Green flakes with very perfect basal 
cleavage ..... 



Trxdymite, a. 



Melilite, p. 



Talc, m 
(Muscovite, hi). 



Ottrelite, a (?) m (?). 



* S^.'rirriti? may )>e distin^islied from miiscoWte by its talc-like appearance and larger 
flakcM. It generally occurs in aggregates. 
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j8. Not pleochroic (sometimes weak pleochro- 
ism). Soluble in HCl. 

1. Honey-yellow colour. Characteristic 

"peg" stmcture. Some sections 
isotropic ..... 

2. Green, irregular flakes. Usually in 

aggregates ; sometimes a weak pleo- 
chroism. Basal cleavage 

3. Blood-coloured (sometimes opaque, 

with black metallic lustre). Hexa- 
gonal or irregular flakes. Frequent 
as a secondary product in the cracks 
of other minerals .... 

b. Bright polansation colonic. Weak pleochroism. 
a. Dark brown colour. Cleavage along 

00 P 00 and 00 P/ 124'' . 
j8. Green colours (sometimes dark blue). 

With difficulty soluble in HCl . 
y. Peach-coloured ..... 



Melilitk, p. 



Chlorite, m. 



a 
o ^ 

•43 g 



Ironglance, h 
(Haematite). 



Anthophyllite, r. 

Clinochlore, m, 
KAmmererite, in. 



E. Filaments 



a. Extinction straight. Colourless 
h. Extinction oblique. 

a. Colourless . 

j8. Green. Pleochroic 



. SiLLIMANITE, r. 

. Tremolite, w. 
. Actinoute, m. 



F. Aggregates 
I. Coburless. 

a. Granular aggregates (or aggregates of small 
flakes and tablets), 
a. Soluble in acids. Rhombohedral cleavage. 

1. The bands of the polysynthetic twin- 

ning often somewhat iridescent. 
Gives off" COa when dissolved in acid 

2. Polarisation colours as in the felspars. 

Deposits SiOa when dissolved in 
acicLs ..«.•• 



Calcite, k^ 



CHABASriE, C. 



* Dolomite and magnesite may be distinguished by being soluble in acids with gieater 
difficulty. 
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/?. Insoluble in acids. 

1. Dull polarisation colours. 

a. Tile -like groups of hexagonal 

plates ( + ) . 

b. Mosaic of small grains 

2. Bright polarisation colours. 

a. Mosaic of small grains ( + ) 

h. Aggregates of small plates re- 
sembling muscovite. Basal 
cleavage .... 

b. Filamentous and radial aggregates. 
1. Soluble in acids. 

a. With evolution of COg . 

b. With precipitation of SiO^. Bright 

polarisation colours 

II. Coloured. 

a. Granular aggregates (or aggregates of small 

flakes or plates). 

a. Lemon-yellow pleochroic grains (occurs 

as pseudomorphs in cracks in other 

minerals and in veins) 

/?. Small-grained green aggregates 

b. Filaments and radial aggregates. 

a. Green. Sometimes slightly pleochroic. 

1. Structure usually spherulitic 

2. „ „ mesh- or net- like 

/?. Grass-green or brown filamentous aggre- 
gates (pseudomorphs after pyroxene) 

y. Dark yellow or brownish aggregates. 
Evolves COg on decomposition . 



Tridymite, h. 

Chalcedony, /t, and 
Quartz, k 

Quartz, k 



Talc, m (Muscov- 
ite, m). 



Calcite, h, Arag- 

ONITE, r. 

Zeolites. 



Epidote, m. 
Viridite.^ 



Delessite, m.^ 
Serpentine, m, 

Bastite, r,^ 

SiDERITE, k 



G. Amorphous Substances 

1. Clear amorphous glassy substances ; yellowish- 
brown, yellow, or colourless (or green ?) . Volcanic Glass. 

^ Viridite, delessite, bastite, are names api»lied to little -known indefinite secondary 
decomposition -products. 
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2. (a.) Colourless, or white, or dark yellow (often 
stained by oxide of iron to a reddish- 
brown or yellow colour). Soluble 
in KHO Opal. 

(L) Green Viridite. 

(c) Yellow, brown, or red .... Limonite. 

(d.) Cloudy grey ; serai-transparent Kaolin.^ 

' Kiioliii foniis aggregates of small crystjiUinc flakes ; it also occurs amorphous. 



TABLE IV 

THE DETERMINATION OF THE CRYSTALLINE SYSTEMS 

UNDER THE MICROSCOPE 



I. The mineral has no action on polarised hght. 
Under crossed nicols all the sections remain 
dark during a complete rotation of the stage 



a. None of the sections have the characters of 

crystallographic substances. Absence of all 
traces of crystalline structure. 

b. There are some regular polygonal crystallo- 

graphic contours. Cleavage, twinning, and 
usual signs of crystalline structure 

II. Doubly refracting in polarised light. Between 
crossed nicols during a complete rotation of 
the stage of the microscope become four times 
alternately dark and light. During the latter 
they are coloured by more or less bright inter- 
ference-colours ...... 



a. Transverse sections isotropic. In convergent 
polarised light (the method of Bertrand or 
Von Lasaulx) transverse sections show an im- 
movable black cross and interference-rings.^ 
In anisotropic sections the extinction is 
straight ....... 



Isotropic, singly 
refracting sub- 
STANCES. 




Crystals of the 
Cubic^System. 



Anisotropic, doubly 
refracting sub- 
stances. 



Uniaxial. 



^ The directions in which the sections of the minerals of a rock are cut are always quite 
accidental, and rarely show symmetrical interference-figures. Moreover, in some very thin 
sections only the inner part of the area contained by the first interference-ring is seen. The 
usual appearance is a straiglit beam or dark line, whicli may be either one arm of the cross 
of a uniaxial figure or part of the dark hyperbola of a biaxial figure. In the former case 
the beam always remains straight and, on rotating the stage of the microscope, moves in the 
direction of rotation ; in the latter it becomes bent, and its movement is opposite to that of 
the stage. 
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1. The transverse isotropic sections are 

quadrangular or octagonal in shape 

2. The transverse isotropic sections are hex- 

agonal, triangular, or 9-angled in shape 

b. No isotropic sections. In convergent polarised 
light certain sections show the emergence of 
two optic axes and interference-lemniscates 
intersected by a cross. Kotation of the 
stage causes the figure to change from a 
black cross to hyperbola) ^ . . . 

1. In all sections the extinction under crossed 

nicols is straight (the axes of elasticity 
coincide with the crystallographic axes). 
In convergent polarised light, in sec- 
tions parallel to the pinacoids, the 
interference - figures are symmetrical 
and the emergence of two optic axes 

2. Extinction straiglit only in sections cut 

from the zone of the orthopinacoid ; 
in all others it is oblique. In con- 
vergent jx)larised light, in sections 
parallel to the pinacoids, the emergence 
either of a bisectrix or an optic axis 
is seen, or unsymmetrical interference- 
figures (only one of the axes of 
elasticity coincides with a crystallo- 
graphic axis ; in this case the latter 
is the orthodiagonal) 



3. Extinction always oblique. (No axis of 
elasticity coincides with a crystallo- 
graphic axis) ..... 



Crystals of the 

Prismatic System. I/Xaj}^ t^^ 

C 
Crystals of the 
Hexagonal Sys- 
tem. 



Biaxial. 



Crystals of the 
Ehombic System. 



w 



W.T t /\X' 



■.^x^^ 



/VC 



Crystals of the 
MoNocLiNic Sys- 
tem. 



Crystals of the 
Triclinic System. 



^ Sue footnote previous i>age. 



TABLE V 

THE ROCK-FORMING MINERALS CLASSIFIED ACCORDING 

TO THEIR CRYSTALLINE SYSTEMS 



A. Isotropic Substances^ 
I. Crysfah helongiiuj to the Cubic System 

A. Semi-transparent.^ 

1. The surface appears very rough and varied. 

Occurs in octahedra, irregular and filament- 
ous or branched aggregates of a violet-grey, 
grey, or reddish-brown colour (decomposed 
in HgSO^) ...... 

2. Octahedra or grains ; not affected by acids . 

a. Dark brown or red ; metallic lustre 



b. Dark green ..... 

B. Transparent. 

1. Rhombic dodecahedra^ or grains. Colour, 

usually red ; sometimes dark-brown or black. 

Few inclusions. Insoluble in acids . 
a. Red ; almost colourless in thin sections 
k Blood-red ..... 
c. Black or dark brown 

2. Grains or rhombic dodecahedra (gameto- 

hedra) ; sections are rectangular or hex- 
agonal. Blue, colourless, grey, black, or 
brown. Numerous inclusions. 

a. Reactions of NaCl .... 

b. „ „ CaSO^. Characteristic 
black border . . . 



PKROWSKriK 

Spixeu 

Chromite and Pico- 

TITE. 

Pleonaste and 
Hertzenite. 



Garnets, 
axmandine. 
Pyrope. 
Melanffe. 



Sodalite. 



Hauyne (Nosean). 



* For ainorplious substances, see p. 40. * For oiwique substances, see p. 26. 

* Sometimes shows anomalous double refraction. 
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3. Irregular aggregiites or grains ; colourless, 

white, or muddy. Soluble in IICl . . Analcime. 

B. DorBLY liEFRACTINC} SuaSTANCES 
UxiAXIATi MiXKKALS 

II. CnidttU uj fhr Prismatic Sf/'ifrm 

1. Polygonal or circular sections. Colourless. Regu- 

larly arranged granular inclusions. (Complex 
double refraction is often seen under crossed 
nicols) ........ 

2. Colourless prismatic cr}'8tals td P oo and P. Ex- 

tremely bright, green or red, polarisation colours 

3. Coloured acicular crysbds. Sometimes in pyra- 

mids or grains. Dull polarisation colours. 

a. Black, honey-yellow, or red-brown in colour. 

Characteristic knee-shaped twins. Double 
refraction positive .... 

b. Dark blue ; sharp pyramids. Double re- 

fraction negative ..... 

4. Prismatic crystals, grains, or flakes. Perfect cleav- 

age along 00 P 00 . Colourless or yellow. Sol- 
uble in HCl. Double refraction negative. 

a. Colourless ; on solution in HCl precipitates 
silica in fine powder .... 



Leucite ^ ( + ). 
Zircon ( -h ). 



RUTILE ( + ). 

Anatase ( - ). 



b. Honey-yellow (or colourless). Character 
istic "peg" structure. On solution ir 
HCl precipitates gelatinous silica . 



ScAroLiTE and Me- 

lONITE ( - ). 



Melilite ( - ). 



III. Cri/stnJs of (he Jlf^roijonal t<i/s(r/n 

1. Colourless (occasionally coloured). 

a. Optical sign positive. Insoluble in acids. 

a. Numerous fluid cavities. Grains or bi- 

pyramidal crystals. Polarisation colours 

. bright ...... 

13, Small hexagonal i)lates. Characteristic 
tile-like aggregates. Dull grey j)olar- 
isation colours ..... 



Ql'ARTZ ( + ). 



Tridymite - ( + ). 



' It is convenient to Ifiivt' leucite in the. i>risniJitie system, wliieh it reseniMes in fonn ; 
it a]t|)ears, however, to be really a mon^K-linie mineral which lias acqiiireil a prisiuatie fomi 
by coni}K)und mimetic twinnin<^. 

* Tridyiiiitc may iK)s.sil)ly belong to the triclinic system. 
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ROCK-FORMIXG MINERALS 



b. Optical sign negative. Soluble in HCL 

a. Prismatic crystals (sometimes coloured). 
Weak polarisation colours. 

1. Long prismatic crystals x P, 

P and oP. Transverse jointing 
along oP. Reactions of PfO^ 

2. Short prismatic cn'stals ex P, oP. 

Reactions of XaCl 

p. Grains ; colourless, dark greenish, yellow, 
or dark red. Greasy or butter-like lustre 

y. Rhombohedra or grains with compound 
twinning along — iR. It also shows a 
fine play of colours or iridescence. Re- 
actions of CO, ..... 

2. Always coloured. 

a. Long prismatic crystals intensely coloured 

with bright blue or green (or rose-coloured) 
tints. Strongly pleochroic 

b. Dove - coloured or brown. Rectangular or 

hexagonal sections or grains. Cleavage 
along R and oR. Sections have a well- 
developed shagreen or rough aspect. Polar- 
isation colours bright Pleochroism well 
marked ... 

c. Flesh-coloured (or iron-black with a metallic 

lustre). Hexagonal plates or irregular 
flakes. Dull polarisation colours 



AF.\TrrK ( - ). 



Xepheune ( - ). 



EL-COUTE.* 



Calcite,* ( - ). 



TOUKJIALINE ( - ). 



CORUXDUM ( - ). 



HiEHATTTE. 



IV. Cnj.itah of the llhombic System 

1. Optical sign positive. 

a. Colourless. Sections octagonal, hexagonal, etc. 
a. Rough shagreen-like surface ; no cleavage. 
Soluble in HCI. Characteristic altera- 
tion into serpentine or b'monite. Clear 
]x>larisation colours .... 



Olivine ( + ), 



' Cancrinite may be readily diittinguUhed from elteolite as it contains CaCO,. 

' Very nearly allied to calcite are dolomite, magnesite, and siderite ; they may be 
distinguished partly hj the rarity of the twin-structure and partly by their being insoluble 
in HCI, or soluble only with difficulty ; the only final test is chemical treatment. 
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j8. Long prismatic crystals : characteristic 
octagonal sections. Prismatic cleavages 
intercept at ^92°. Vertically striated. 
Polarisation colours usually less bright 
than in olivine ..... 

y. Filamentous or in acicular prisms without 
terminal faces. Bright polarisation 
colours ...... 

8. Long prismatic crystals with terminal faces. 
Cleavage parallel to brachypinacoid. Is 
decomposed in acids when powdered. 
Dull bluish-grey polarisation colours 



Enstatite ( + ). 



SiLLIMANITE ( + ) 



ZOISITE ( + ). 



b. Coloured with bronze or yellow tints. Pleo- 
chroic. 

a. Rough surfaces which appear raised. 

Characteristic cross-shaped twins . Staurolite { + ), 

j8. Long prismatic crystals, broad plates, 
prismatic cleavages intercept at ^92". 
Usually have octagonal sections. Pleo- 
chroism weak ; sometimes almost colour- 
less Bronzite ( + ). 

y. Prismatic cleavages intercept at ^124°. 
Resembles hornblende. Occurs in 
plates with octagonal sections . . Anthophyllite ( + ). 



2. Optical sign negative. Strongly - marked pleo- 
chroism. 

(u Dark brown ; occurs as broad plates or 
needles. Characteristic inclusions of 
tablets or needles. Prismatic cleavages 



intercept at ^92' 



Hypersthene ( + )(-) 



u 

s 

CO CO 

S 
o 

03 



7». Flesh- or rose- coloured. Long tabular 
crystals. Surface appears very rough . 

c. Violet or blue in colour. Grains and small 
prismatic crystals. Twinning along oo P. 
Characteristic alteration into pinite.^ 
(Colourless crystals resemble quartz) 



Andalusite,^ ( - ). 



CORDIERITE ( - ). 



^ Chiastolite may be distinguished from aiidalusite by a somewhat cross-shaped inclusion 
of black material. 

^ Irregular greenish lilamentous material with aggregate polarisation. 
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ROCK-FORMING MINERALS 



V. CrysUds of the Monoclink System 

1. Very perfect cleavage along oP. Plates and flakes. 
Practically straight extinction.^ 

a. Coloured ; polarisation colours dull. 

a. Broad plates or small flakes. Pleochroism 
strong ...... 



to . 

CO ^ 

O 



to ,5 



1. Dark brown or sometimes dark green 

2. The same, but the plane of the optic 
axis peri)endicular to ( ex P oo) 

3. Brick-red . . . . . 

4. Yellow, or light brown. (Very little 
iron in its composition) 

/?. Small plates, aggregates, or crystallites. 
Sometimes pleochroic 

1 . Flakes and hexagonal plates of a green 
colour. Soluble in HCl 



tl 

'5 > 



-4^ O 






en 
O 
PL. 

to ^ 



-a 
o 



2. Worm-like twisted bands . 

3. Rhombohedral crystals soluble in HCl 
'4. Peach-coloured or red 

5. Simple or twinned crystals of a dark 

green or bluish colour. Pleochroism 
weak, but stronger polarisation 
colours ..... 

6. Circular plates of a green colour with 

polysynthetic hatching along oP. 
Pleochroic. Numerous inclusions . 



b. Colourless (sometimes greenish). Bright 
polarisation colours. 
a. Broad plates, as in biotite. Optical axes 
intercept at a large angle 
(Sometimes iridescent) .... 

p. Small flakes, usually in radial or filament- 
ous aggregates. Angle between the 
optical axes small. Greasy lustre . 



Magnesian Mica 
Oroup. 

Biotite. 

Anomitk. 
rubellane. 

Phlogopite. 

Chlorites. 

Chlorite (Ripido- 
lite). 

Helminthite. 

Pennine. 

Kammererite. 



Clinochlore. 



Ottrelite ^ ( - ). 



Muscovite. 
(Sericite) ( - ). 



Talc ( - ). 



* Acute bisectrix almost jjerpendicular to oP. 
* Accordiug to some authors ottrelite belongs to the triclinic system. 
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Prismatic cleavages intercept at /J^"^ * N*>t 
pleochroic.^ 
Granular crystals ; sometimes tabular. Octa- 
gonal .and hexagonal sections. Prismatic and 
acicular microliths. 0[)tical sign positive 



c 

O 

« 

C 

CI 
CO 






la, Ct)lourh»8s, yellow, greenish-brown, or 
viol(?t. Occurs as crystals, grains, 
and prismatic or acicular microliths 
Ik In ad<lition to tlie prismatic cleavage, 
a perfect lamellar separation along 
a P X. IJrown or ;rrcrn 



2- : • / 

p "1! \ r. Gniss-irreen irrains 



•-^ o 



JO 

To 

e 



Monoclinic pyrox- 
enes. 



At'dlTK. 



DlAIJ^XCK. 

O-MPHAf ITK 
SIDK). 



(Dior- 



d. Colourless or lij'lit I'recn. C)ccurs as 

grains or transversely-jointed prisms Sahlite. 

f. Colourless ; filamentous prisms or radial 
aggregates. Surfaces appear strongly 
raised. Soluble in H(.*l 



Anf;leofex- / Dark green or dark brown gniins and 
tinctioQ amall. , . t»i i • 

Aljont V l<>"o prisms. I'leocnroic 



WOLLA.STONITE. 



A(;mite. 



3. Prismatic cleavages intercept at ^121 . Strongly 
pleochroic. 
Crystida and grains as in the previous gi'oups or 
in filaments. Optical sign negative 

o • fa. Green or brown. Large crystals or 
•^ ' grains ...... 

6. Long j)rismatic crystals without ter- 
minal faces ; or filaments, 
a. IMuish-green 
/i. Colourless .... 

s / c. Bluish -green gniins or microliths. 
Contains Na.,0 . . . . 

</. Indigo or lavendi"r - blue ; occurs as 
plates, grains, or filaments 



2 

o 

S 



o 






o 
o 
'So 



\ 



c. Light gi-een fibrous paramori>hs after 
augite and diallage. Airtrreirate 
polarisation . 



'r^n' 



Amphiboles. 



IIoKNBLEXDK. 



A<;TJN<)I.ITE. 

Tkemolitk. 

AKFVEhSOMTK. 
Gl^AUfOrilANE 

(Gastaldite). 
Ukalite. 



' iSniiictiiiu'K ii fiiiiit ])lfo<.'lin)i.siii. 

I) 
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ROCK-FORMING MINERALS 



4. Colourless grains, plates, and prismatic crystals. 

Cleavage along oP and ( oo P oo). Characteristic 
twinning on the Carlsbad, Baveno, or Manebach 
types. 

a. Dusty-looking owing to kaolinisation (with 

development of muscovitc). Grey or 
brown, owing to staining by oxide of iron 

b. Fresh, glassy, with numerous glass inclu- 

sions. Often shows zonal structure 

5. Dark brown or yellow. Very rough prominent 

surface. Wedge-shaped crystals or twinned 
aggregates. Polarisation colours distinguishable 
with difficulty from the natural colours of the 
minerals ....... 

6. Lemon - yellow or yellowish - green. Strongly 

dichroic. Occurs as pLatcs, needles, grains, 
aggregates, or pseudomorphs. Generally a 
secondary formation ..... 

7. Colourless. Very soft. Occurs as grains, plates, 

or aggregations. Often forms whole rock-masses. 
Very bright polarisation colours. Iridescent. 
Cleavage along ( oo P oc) . 

VL Crystals of the Tnclink System 

1. Long prismatic crystals or grains. Colourless or 

blue and pleochroic. Cleavage along oo P oo 

2. Large crystalline grains with a lath-shaped or 

fibrous structure. Distinguished from orthoclase 
by the angle of extinction — 15*^ on oP . 

3. Broad plates, tabular crystals, grains, and micro- 

liths. Polysynthetically twinned ; structure 
thus caused appears like a series of parallel 
bands ; there may be one set or two transverse 
sets. The bands are often irregular. 

a. Dusty and grey, due to kaolinisation (with 

formation of muscovite) 
L Water-clear or glassy. Numerous glass 
inclusions. Zonal structure often present 

^ The j)lagioclases may be distinguished by tlieir angle of 
tables of Michel Levy, Ilussak, or Rosenbusch). In most cases 
distinguished Ijy their greater solubility in HCl (thus anorthite 
labradorite the least), the breadth of the twin lamellre, and 
extinction. 



Orthoclase ( - ). 
Sanidine ( - ). 



TiTANITE ( + ). 



EprooTE ( - ). 



Gypsum ( + ) 
(Selenite). 



DiSTHENE ( - ). 



MiCROCLINE ( - ). 



Plagioclase.^ 



MiCROTINE. 



extinction (compare the 

the plagioclases may be 

is the most soluble and 

the size of the angle of 



rp 
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THE APPLICATION OF THE OPTICAL SIGNS OF MINERALS 



I. On'icAL Si<;n Positive^ 
A. Ck>lourless. 

L Small needles or siiiall piisms. 
a. Straight extinction. 

L Tetragonal, prismatic crystals. Very 
bright polarisation colours . 

2. Tal>ular crystals without terminal 

faces or filaments. Bright i)olaris- 
t'ltion colours .... 

3. Tabular crystals with prismatic joint- 

ing. Dull bluish-grey polarisation 
colours . . . . . 

/?. Oblique extinction. 

L Small prisms ; often twinned . 

2. Filaments without terminal faces. 
Prismatic cleavage x P^124 

2. Crystalline grains, polygonal sections, broad 
plates, tabular crystals, etc. 
a. Uniaxial. 

1. Water-clear grains, or bipyramidal 
crystals. liright i)olarisation col- 
ours ...... 

2. Tile- like aggregates of hexagonal 
plates. Dull bluish-grey i)olarisa- 
tion colours .... 



o 

►5 "^ 



ZlllC(>N, ;>. 



SiLLIMAMTE, T. 



ZoisrrK, /'. 

Pi.AcaocLASK (except 
Labradorite). 

TrEMOLITF; '///. 



QlAKTZ, //. 



TlUDYMITl":, h (?). 



* "When it is dillicult to (.letiTiiiiin^ the o[»tic!il .si<^'ii, this tahic iiuiy still l»c made use of 
by supjiosiiig firstly the nuiier.il to W positive, and coinjiaring its other cliara(tcr.s with 
those of the minerals here given : and then similarly eoniparing it with the minerals in the 
negative scries. 
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p. Biaxial. 

1. Extinction straight. 

a. No cleavage. Rough shagreen- 
like surfaces. Characteristic 
alteration into serpentine and 
limonite. Soluble in HCl 

h. Prismatic cleavage. Vertically 
striated. Insoluble in HCl. 
Polarisation colours usually 
lower than the last 

2. Extinction oblique. 

rt. Prismatic cleavage ^S7^, Angle 
of extinction large — 39° or 
more. Sometimes twinned 
on oc P 00 . 

k Polysynthetic twinning giving rise 
to a banded appearance. The 
lamellae are all parallel, or there 
may be two transverse series . 



Olivine, r. 



Enstatite, r. 



AUGITE, m.^ 



Plagioclase, a * 
(except Labradorite). 



c. Grains or octagonal sections with 
well-marked (but optically ano- 
malous) double refraction. Char- 
acteristic distribution of granular 
black inclusions 

B. Coloured. 

a. Needles or prisms. 

1. Black or yellowish - brown needles (rarely 

grains) . . . . . . " . 

2. Yellow and brown microliths, with large 

angle of extinction (above 39") 

3. Brown prismatic crystals. Characteristic 

cross twins. Pleochroic. Straight extinc- 
tion ....... 

4. Brown, semi-transparent, wedge-shaped 

crystals and grains. Polarisation colours 
distinguishable with difficulty from the 
natural colours of the mineral 

5. Small blue pyramids .... 



Leucite, p (1). 



RUTILE, p. 



AUGITE, W. 



Staurolite, r. 



Titan ITE, m, 
Anatase, p. 



Thick sections may be slightly yellow. 



^ See footnote, p. 27. 



k 
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p. Octagonal and hexagonal sections. Broad plates 
or grains. 

1. Oblique extinction. Yellowish, greenish, 
and violet in colour. Prismatic cleavages 
intercept at ^92° . 



Bronzite, r. 



II. Optical Sign Negative 
A. Oolourless. 

L Prismatic crystals. 

a. Uniaxial. Some hexagonal isotropic sections. 

1. Long prismatic crystals. Reactions 

2. Short prismatic crystals. Reactions 

of NaCl 

p. Biaxial. No isotropic sections. 

i. Extinction straight. Plates. Rough 
surfaces. Cleavage along oo P . 

ii. Extinction oblique. 

1. Long tabular crystals ; usually with- 

out terminal faces. Insoluble in 
acids ...... 

2. Microliths, usually twinned. Soluble 

in HCL Angle of extinction 
16'-2r (on 00 P ex) . 

3. Microliths simple. Angle of extinc- 

tion 5° in relation to the edge 
oP : ( 00 P oo). Insoluble in HCl . 

2. Polygonal sections. Grains. Broad plates and 
large prismatic crystals. 

a. Uniaxial. Extinction straight. Rectangular 
sections isotropic. 

1. Bright polarisation colours. Cleavage 

along 00 P oc. When dissolved in acid 
precipitates powdery SiO, 

2. Dull polarisation colours. Cleavage 

along oP and oo P. Characteristic 
" peg " structure. When dissolved in 
acid forms gelatinous SiO, 



APATriE, h. 



Nephelink, k 



Andalusite, r. 



DiSTHENE, a. 



Labradorite, a. 



Orthoclase 
(Sanidine), m. 



SCAPOLFTE, p. 



Melilffe, p. 
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p. Biaxial, 
i. Extinction oblique. 

1. Dusty and kaolinised, or glassy and clear 

with zonal structure and numerous 
• glass inclusions. Sections hexagonal. 

Twinning on the Carlsbad, Baveno, or 
Manebach types .... Orthoclase, m 

(Sanidine). 

2. Grains with a lath-like or fibrous structure MiCROCLiNE, a, 

3. Agrees with No. 1, but is polysynthetic- 

ally twinned. The angle of extinction 

is 16^2r. Soluble in IICl . . Labradoritf:, a, 

ii. Extinction straight. Grains and poly- 
gonal sections. Characteristic alter- 
ation into pinite .... CORDIERITE, r. 

3. Broad plates and aggregates. 

a. Granular aggregates. Compound twinning 
along - ^R. Cleavage in Rhombohedra. 
Soluble in HCl, with evolution of COj . CALcriE, h, 

p. Broad plates or aggregates of flakes, with 

very perfect basal cleavage . . . Muscovite, m. 

y. Eadial aggregates of small flakes. Greasy 

lustre ....... Talc, w. 

B. Coloured. 

1. Tabular crystals. Small Prisms. Strongly pleo- 
chroic. 

a. Extinction oblique. Blue tabular crystals, 

without terminal faces .... Disthene, a. 

p. Extinction straight. 

L Green and blue. Long hexagonal prisms. 
Frequently in radial aggregates. Hex- 
agonal sections isotropic . . . TouRMALiNE, h, 

2. Flesh-coloured rhombic i)lates, with very 

rough and raised surfaces . . Andalusite, r. 

3. Brown microliths. Cleavage along 

00 P^92'' HvrERSTHENE, r. 

4. Small lemon-yellow prisms . . Epidote, m. 



I 
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2. Polygonal Sections. Grains. Plates, 
a. Uniaxial. 

1. Honey-yellow. A characteristic "peg** 
structure. Soluble in IICl 

p. Biaxial. 

1. Brown or dark green plates, with very- 
perfect basal cleavage. Absorption . 

2. Blue grains and polygonal sections. 
Chamcteristic alteration into green 
fibres of pinite. Sometimes colourless 

'3. Brown or green. Prismatic cleavages 
intercept at ^124' . . . . 

4. Lemon - coloured grainilar aggregates 
(pseudomorphous and secondary alter- 
ation-products) . . . . 

5. Bluish -green flakes and crystals, with 
ba.sal cleavage ..... 



X c 

W 



Meltlite, p. 



BlOTITE, m. 



CORDIERITE, r. 
HOIINBLENDE, m. 



EpIDOTE, VI. 

Clinochlork, rih 
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